ModelTest-NG is a re-implementation from scratch of jModelTest and ProtTest, two popular tools for selecting the best-fit nucleotide and amino acid substitution models, respectively. ModelTest-NG is one to two orders of magnitude faster than jModelTest and ProtTest but equally accurate, and introduces several new features, such as ascertainment bias correction, mixture and FreeRate models, or the automatic processing of partitioned datasets. ModelTest-NG is available under a GNU GPL3 license at https://github.com/ddarriba/modeltest.
. Not surprisingly, a number of bioinformatic tools have been developed in the last 20 years for selecting the best-fit model for the data at hand (Darriba et al., 2011 (Darriba et al., , 2012 Kalyaanamoorthy et al., 2017) . Recently, Abadi et al. (2019) concluded that using a parameterrich model for DNA data leads to very similar inferences as the best-fit models. The authors present the results as an average over a number of MSAs. However, looking at individual MSA analyses we may observe substantial topological distances between inferences under the best-fit models and inferences under a parameterrich GTR model (Arbiza et al., 2011; Hoff et al., 2016) . However, continuous advances in sequencing technologies have made possible the assemblage of large multiple sequence alignments (MSA) that require faster and more scalable tools. In particular, our tools ProtTest (Darriba et al., 2011) and jModelTest (Darriba et al., 2012) , which are among the most popular tools • Data and models supported: ModelTest-NG supports both, nucleotide and amino acid models. It uses statistical criteria for selecting the best-fit substitution models such as AIC (Akaike, 1974) , BIC (Schwarz, 1978) , and DT (Minin et al., 2003) . LG4X (Le et al., 2012) . ModelTest-NG can also assess the fit of FreeRate models (Soubrier et al., 2012) . Figure S1 ). For the simulated DNA data,
ModelTest-NG was 110.77 times faster than jModelTest but slower than ModelFinder (the latter was 1.59 times faster than ModelTest-NG).
On the empirical protein data sets, ModelTest-NG yielded average speedups of 36.94 over ProtTest and similar runtimes as ModelFinder.
On the simulated protein data, ModelTest-NG was 36.07 times faster than ProtTest and 1.03 times faster than ModelFinder. We observed that ModelTest-NG scales better than ModelFinder and jModelTest/ProtTest on large data sets.
In general, the larger the data set is, in terms of number of taxa and number of sites, the better ModelTest-NG performs compared to the competing tools (see Figure 1 ). In terms of accuracy, ModelTest-NG found the true generating model for 81% of the simulated DNA data sets (jModelTest: 81%, ModelFinder: 70%) and for 85% of the simulated protein data sets (ProtTest: 85%, ModelFinder: 87%) (Figure 1) .
These results were obtained under the default model selection parameter settings for both tools.
In additional experiments we found that there is a pronounced trade-off between speed and accuracy.
Thus, we can expect that the more thoroughly we optimize the likelihood score for a set of substitution model parameters, the more accurate ModelTest-NG thus represents a substantial improvement over our previous highly-cited tools, jModelTest and ProtTest. It preserves the accuracy of its predecessors, as evaluated against the ground truth on simulated datasets, while the runtime is improved by two orders of magnitude on empirical data. Compared to IQ-TREE we observed similar run times for empirical data sets, but IQ-TREE was faster on synthetic data and particularly so on DNA data. However, the accuracy of IQ-TREE on DNA data was substantially lower than for ModelTest-NG (70% versus 81%, respectively). In future versions of ModelTest-NG, we intend to introduce
